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© An ultrasonic device for atomizing a liquid by the 
acoustic vibration generated with a vibrating plate (2) 
being mounted to a piezoelectric vibrator (1). The 
piezoelectric vibrator (1) consists of a piezoelectric 
ceramic and a pair of electrodes (P,Q) on the both 
end surfaces perpendicular to the thickness direction 
of the piezoelectric ceramic (30). The vibrating plate 
(2) has a lot of holes (22), and the area of the one of 
the openings of the hole is different with the area of 

FIG. 1 
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the other. The piezoelectric vibrator (1) is efficiently 
vibrated under an application of an alternating cur- 
rent signal, whose frequency is almost equal to the 
resonance frequency of the piezoelectric vibrator (1). 
This vibration is transmitted to the vibrating plate (2), 
so that the vibrating plate (2) is also vibrated. A 
liquid existing at the part of the vibrating plate (2) is 
atomized through a lot of holes (22) formed in the 
vibrating plate (2). 

FIG. 21 
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The present invention relates to an ultrasonic 
device for atomizing a liquid by the acoustic vibra- 
tion generated with an ultrasonic vibrator. 

As conventional atomizing devices, a device 
using a Langevin-type vibrator with a bolt and 
Neblizer are known. The device composed of the 
Langevin-type vibrator with a bolt operating a fre- 
quency of some 10 kHz has a merit of generating a 
large quantity of fog, while the structure is com- 
plicated and the size is large. The Neblizer em- 
ploying the ultrasonic vibration with the frequency 
of MHz is regarded as a useful atomizer for minute 
and uniform particle. However, it has the defect of 
a little quantity of fog with a low electric power 
because of a low atomization efficiency. In other 
words, those conventional devices have more than 
one weak point from the viewpoints of atomization 
efficiency, atomization ability, the minuteness of 
the particle, or running cost with power supply for 
operation. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an atomizing device having a high efficiency of 
atomization under low electric power supply. 

Another object of the present invention is to 
provide an atomizing device capable of providing a 
large quantity of fog. 

Other object of the present invention is to pro- 
vide an atomizing device available for the minute- 
ness and the uniformity of fog particle. 

Still other object of the present invention is to 
provide an atomizing device with a small size 
which is very light in weight and has a simple 
structure. 

Still further object of the present invention is to 
provide an atomizing device operating under low 
power consumption. 

According to one aspect of the present inven- 
tion there is provided an atomizing device compris- 
ing an ultrasonic vibrator, which generates an 
acoustic vibration to atomize a liquid and is com- 
posed of a piezoelectric vibrator and a vibrating 
plate. 

According to another aspect of the present 
invention there is provided a means for supplying 
the vibrating plate with the liquid. 

According to other aspect of the present inven- 
tion there is provided a piezoelectric vibrator com- 
posed of a piezoelectric ceramic and a pair of 
electrodes on the both end surfaces perpendicular 
to the thickness direction of the piezoelectric ce- 
ramic. 

According to further aspect of the present in- 
vention there is provided a vibrating plate having a 
lot of holes, and the area of the one of the open- 
ings of the hole is different from the area of the 



other. 

Other features and advantages of the invention 
will be clarified from the following description with 
reference to the attached drawings. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a sectional view of the ultrasonic 
atomizing device according to the present invention 
70 showing the first embodiment. 

FIG. 2 shows a sectional view of the first em- 
bodiment shown in FIG. 1 excepting the liquid 
supplying tube 5, the flow control valve 6 and the 
liquid tank 7 . 

75 FIG. 3 shows a perspective view of the clip 4 

seen in FIG. 1 . 

FIG. 4 shows a side view of the clip 4 shown In 
FIG. 3. 

FIG. 5 shows a plan view of the ultrasonic 
20 vibrator (that is the device composed of the piezo- 
electric vibrator 1 and the vibrating plate 2) seen in 
FIG. 1. 

FIG. 6 shows a fragmentary top plan view, on 
an enlarged scale, of a portion of the vibrating part 
25 20 seen In FIG. 5. 

FIG. 7 shows a side view of the ultrasonic 
vibrator shown in FIG. 5. 

FIG. 8 shows a fragmentary vertical sectional 
view, on an enlarged scale, of a portion of the 
30 vibrating part 20 seen in FIG. 5. 

FIG. 9 shows the frequency dependences of 
the magnitude and the phase of the admittance of 
the piezoelectric vibrator 1 . 

FIG. 10 shows the relationship between the 
35 atomizing quantity and the applied voltage for the 
first embodiment. 

FIG. 11 shows the relationship between the 
atomizing height and the atomizing distance for 
various applied voltages for the first embodiment. 
40 FIG. 12 shows a plan view of the ultrasonic 

vibrator taking the place of that shown in FIG. 5. 

FIG. 13 shows the relationship between the 
length of the vibrating part 20 and the atomizing 
quantity for the ultrasonic vibrator shown in FIG. 
45 12. 

FIG. 14 shows the relationship between the 
length of the vibrating part 20 shown in FIG. 12 and 
the atomizing height. 

FIG. 15 shows the relationship between the 
so phase of the impedance of the piezoelectric vibra- 
tor 1 seen in FIG. 12 and the frequency. 

FIG. 16 shows the relationship between the 
phase of the impedance of the ultrasonic vibrator 
shown in FIG. 12 and the frequency. 
55 FIG. 17(A) shows a perspective view of the 

ultrasonic vibrator taking the place of that shown in 
FIG. 5. 

FIG. 17(B) shows a perspective view of the 
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ultrasonic vibrator taking the place of that shown in 
FIG. 17(A). 

FIG. 18 shows a sectional view of the ultrasonic 
atomizing device, showing the second embodi- 
ment, excluding the liquid supplying tube 5, the 
flow control valve 6 and the liquid tank 7 from the 
first embodiment shown in FIG. 1 and including the 
liquid bath 8 in the first embodiment in FIG. 1. 

FIG. 19 shows a sectional view of the ultrasonic 
atomizing device, showing the third embodiment, 
excluding the supporter 3 and the clip 4 from the 
first embodiment shown in FIG. 1 and setting the 
liquid supplying tube 5 upward the vibrating plate 
2. 

FIG. 20 shows a sectional view of the ultrasonic 
atomizing device according to the present invention 
showing the fourth embodiment. 

FIG. 21 shows a sectional view of the ultrasonic 
atomizing device according to the present invention 
showing the fifth embodiment. 

FIG. 22 shows a bottom plan view of the ultra- 
sonic vibrator set on the supporter 13 of the fifth 
embodiment shown in FIG. 21. 

FIG. 23 shows a perspective view of the ultra- 
sonic atomizing device of the fifth embodiment 
shown in FIG. 21. 

FIG. 24 shows the characteristics of three 
types of ultrasonic vibrators shown in FIG. 21 on 
applied voltage, frequency, input power and cur- 
rent. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a sectional view of the ultra- 
sonic atomizing device according to the present 
invention showing the first embodiment. There is 
shown the ultrasonic atomizing device comprising a 
piezoelectric vibrator 1 to which a pair of electrode 
terminals, P and Q, made from copper ribbon are 
mounted, a vibrating plate 2, an assistance board 
3, a clip 4, a liquid supplying tube 5, a flow control 
valve 6 and a liquid tank 7, and there is also shown 
therein a power supply circuit which supplies the 
piezoelectric vibrator 1 with an alternating current 
voltage. The liquid tank 7 is supplied with an ade- 
quate amount of liquid when using. The electrode 
terminals, P and Q, are cemented by an adhesive 
agent with high conductivity. 

Figure 2 shows a sectional view of the first 
embodiment shown in FIG. 1 excepting the liquid 
supplying tube 5, the flow control valve 6 and the 
liquid tank 7. The ultrasonic vibrator composed of 
the piezoelectric vibrator 1 and the vibrating plate 2 
is jointed to the assistance board 3 by the clip 4. 
The existence of the assistance board 3 is useful 
for the efficient transmission of the vibration of the 
piezoelectric vibrator 1 to the vibrating plate 2. The 
ultrasonic vibrator is maintained to have a slope of 



about 30 degrees toward the surface of the liquid 
with a view to increase the speed of the liquid 
supply to the minute space between the vibrating 
plate 2 and the assistance board 3 and to atomize 

5 the liquid efficiently. The assistance board 3 is 
made from foamed styrene. Owing to adopting the 
material such as foamed styrene whose acoustic 
impedance is very low compared with the piezo- 
electric vibrator, the transmittance of the vibration 

w of the piezoelectric vibrator to the assistance board 
is suppressed and the vibrating plate is vibrated 
efficiently, so that the atomization efficiency in- 
creases. 

Figure 3 shows a perspective view of the clip 4 
75 seen in FIG. 1 . Figure 4 shows a side view of the 
clip 4 shown in FIG. 3. The clip 4 is made of 
stainless steel, and joins the piezoelectric vibrator 1 
and the vibrating plate 2 together with the spring of 
the clip 4, so as to transmit the vibration of the 
20 piezoelectric vibrator 1 to the vibrating plate 2 
efficiently, in other words to atomize the liquid 
efficiently. 

The amount of the liquid drawn and guided by 
the flow control valve 6 from the liquid tank 7 

25 through the liquid supplying tube 5 and then sup- 
plied into the minute space between the vibrating 
plate 2 and the assistance board 3 is controlled to 
make the atomization efficiency best. Thus, since 
the means for supplying the liquid comprises the 

30 liquid tank and the tube for drawing and guiding 
the liquid from the liquid tank and then supplying 
the vibrating plate with the liquid, the liquid is 
supplied efficiently on the vibrating plate without 
waste. Therefore the atomization efficiency can be 

35 enhanced. 

Figure 5 shows a plan view of the ultrasonic 
vibrator (that is the device composed of the piezo- 
electric vibrator 1 and the vibrating plate 2) seen in 
FIG. 1. Figure 6 shows a fragmentary top plan 

40 view, on an enlarged scale, of a portion of the 
vibrating part 20 seen in FIG. 5. In FIG. 6 the 
shape .arrangement and size of a hole 22 are 
shown. 

Figure 7 shows a side view of the ultrasonic 
45 vibrator shown in FIG. 5. The ultrasonic atomizing 
device can be made small and compact by incor- 
porating a simple construction for the piezoelectric 
vibrator consisting of a piezoelectric ceramic and a 
pair of electrodes on the both end surfaces per- 
50 pendicular to the polarization axis of the piezoelec- 
tric ceramic. In addition, it is possible to atomize a 
liquid with high efficiency and to operate the ultra- 
sonic atomizing device under low power consump- 
tion. 

55 Figure 8 shows a fragmentary vertical sectional 

view, on an enlarged scale, of a portion of the 
vibrating part 20 seen in FIG. 5. In FIG. 8 the 
shape and size of the hole 22 are shown. 
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The piezoelectric vibrator 1 has a rectangular 
plate-like piezoelectric ceramic 30, of which ma- 
terial is TDK-72A (Brand name), and of which di- 
mension is 40 mm long, 20 mm wide and 1mm 
thick. As the TDK-72A has a large electromechan- 
ical coupling constant, the material has been uti- 
lized in the first embodiment of the invention. The 
direction of the polarization axis of the piezoelectric 
ceramic 30 is the same as that of thickness, and an 
Au electrode 31 and an Au electrode 32 are formed 
on the both end surfaces perpendicular to the 
direction of the thickness. The Au electrode 31 
covers one end surface of the piezoelectric ce- 
ramic 30 and the Au electrode 32 covers the other 
end surface thereof. The Au electrode 31 is pro- 
vided with an electrode terminal P, and the Au 
electrode 32 is provided with an electrode terminal 
Q. The electrode terminals, P and Q, are mounted 
at one edge along the direction of width of the 
piezoelectric ceramic 30. 

The tongue-like vibrating plate 2 is attached to 
one end surface of the piezoelectric vibrator 1 . The 
vibrating plate 2 is made of nickel and is cemented 
to be integrally interlocked with the piezoelectric 
vibrator 1 at a slender plate-like cemented part 21, 
thereby causing the vibrating plate 2. The part 21 
is cemented to the piezoelectric vibrator 1 with an 
adhesive agent with high conductivity by way of 
the Au electrode 31 . The dimension of the vibrating 
plate 2 is 25 mm long, 20 mm wide and 0.05mm 
thick. That of the cemented part 21 is 5 mm long, 
20 mm wide and 0.05mm thick. 

The vibrating part 20 extends in parall with the 
plate surface of the piezoelectric vibrator 1 toward 
outside of the edge along the direction of the width 
of the piezoelectric vibrator 1 and is projected 
therefrom. The dimension of the vibrating part 20 is 
20 mm long, 20 mm wide and 0.05mm thick. The 
vibrating part 20 is provided with plurality of minute 
holes 22 which are penetrated in the thickness 
direction. The holes 22 which are of inverse-conical 
shape and of which one opening area is larger than 
the other are utilized in the first embodiment. One 
opening is used as inlet side and the other is used 
as outlet side. The inlet side diameter is 0.1 mm 
and the outlet side diameter is 0.02 mm. The holes 
22 are disposed with an equal pitch. 

In case that the alternating current signal hav- 
ing almost the same frequency as the resonance 
frequency of the device composed of the piezo- 
electric vibrator 1 and the vibrating plate 2 is ap- 
plied to the piezoelectric vibrator 1 through the 
electrode terminals, P and Q, when operating the 
ultrasonic atomizing device shown in FIG. 1, the 
piezoelectric vibrator 1 is vibrated. At this time, the 
frequency of the alternating current signal is almost 
agreed with one of the resonance frequencies of 
the piezoelectric vibrator 1 . As such a construction 



as the vibrating plate 2 is cemented to be integrally 
interlocked with at least one end surface of the 
piezoelectric vibrator 1 is employed, the vibrating 
plate 2 can vibrate just like a one-side supported 

5 overhanging beam with the cemented part 21 acted 
as an cementing end. A liquid which is supplied the 
vibrating part 20 under a strong acoustic vibrating 
condition can be atomized or sprayed upwards in 
the vertical direction. Furthermore, as the atomizing 

w quantity can be increased in the case that the 
applied voltage is increased, it is possible to 
change the atomizing quantity by changing the 
applied voltage according to a purpose. 

In the ultrasonic atomizing device shown in 

75 FIG. 1, the liquid which is supplied into the minute 
space through the liquid supplying tube 5 from the 
liquid tank 7 in accompanying with the vibration of 
the vibrating part 2 is led to the respective holes 22 
by capillarity. When the liquid passes through each 

20 of the holes 22, the passing area of liquid in each 
of the holes 22 is reduced from the inlet side 
thereof to the outlet side thereof. Therefore, the 
liquid is squeezed out by the respective holes 22, 
thereby causing the liquid to become minute and 

25 uniform particles and to flow out on the vibrating 
part 20. Consequently the liquid which flows out 
from the respective holes 22 can be atomized very 
effectively by virtue of the above squeezing action, 
the acoustic vibration of the vibrating part 20, the 

30 increase action of liquid feeding speed by that the 
ultrasonic vibrator makes an angle from the 
horizontality, and the liquid limiting action into the 
above minute space by the flow control valve 6. 
Figure 9 shows the frequency dependences of 

35 the magnitude and the phase of the admittance of 
the piezoelectric vibrator 1 . One of the frequencies 
which can effectively operate as an atomizing de- 
vice is such as can correspond to resonance ar- 
ound 100.8 kHz. 

40 Figure 10 shows the relationship between the 

atomizing quantity and the applied voltage for the 
first embodiment. As the applied voltage becomes 
more 0 - 30 Vp-p or more, fog can be blown out 
from the vibrating part 20. At the resonance fre- 

45 quency 100.8 kHz, the applied voltage which can 
produce the maximum atomizing quantity is 76 Vp- 
p. With the voltage more than 76 Vp-p, the atomiz- 
ing quantity is saturated. As shown in FIG. 10, the 
atomizing quantity is radically increased according 

50 to the applied voltage up to around 60 Vp-p. 

Figure 11 shows the relationship between the 
atomizing height and the atomizing distance for 
various applied voltages for the first embodiment. 
FIG. 11 shows changes similar to those in FIG. 10, 

55 the power of fog is strengthened radically from 
around 40 Vp-p and Is saturated at 60 Vp-p. 

Figure 12 shows a plan view of the ultrasonic 
vibrator taking the place of that shown in FIG. 5. In 
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FIG. 12 the ultrasonic vibrator has the piezoelectric 
vibrator 1 of which size is 22 mm long, 20 mm 
wide and 1 mm thick and the vibrating plate 2 
having the vibrating part 20 of which size is 17 mm 
long, 20 mm wide and 0.05 mm thick. In the case 
that the ultrasonic vibrator in FIG. 12 is used, the 
atomizing quantity becomes the maximum with the 
frequency of 114.6 kHz when the applied voltage is 
9.8 V. Then, the power consumption is 294 mW 
and the current is 30 mA. As for the whole atomiz- 
ing device including a power supply, the power 
consumption is 588 mW and the current is 60 mA. 
Thus, in the case that such a rectangular plate-like 
structure as the proportion with the length and the 
width is nearly 1 but is not equal to 1 as piezoelec- 
tric vibrator is employed, the coupled-mode vibra- 
tion of the device composed of the piezoelectric 
vibrator and the vibrating plate is strengthened, and 
the atomizing quantity is further increased. 

Figure 13 shows the relationship between the 
length of the vibrating part 20 and the atomizing 
quantity for the ultrasonic vibrator shown in FIG. 
12. When the length of the vibrating part 20 is 17 
mm, the atomizing quantity shows the maximum 
value of 27.5 ml/min. Figure 1 4 shows the relation- 
ship between the length of the vibrating part 20 
shown in FIG. 12 and the atomizing height. How- 
ever, at this time, the atomizing height is what the 
oblique spouting is converted to the value in the 
upright direction. When the length of the vibrating 
plate 20 is 17 mm, the atomizing height reaches 
the maximum value of 112 cm. 

Figure 15 shows the relationship between the 
phase of the impedance of the piezoelectric vibra- 
tor 1 seen in FIG. 12 and the frequency. Figure 16 
shows the relationship between the phase of the 
impedance of the device composed of the piezo- 
electric vibrator 1 and the vibrating plate 2 shown 
in FIG. 12 and the frequency. With the phase set to 
zero degree, the value of the frequency shows the 
resonance frequency. Therefore, in FIG. 15, the 
piezoelectric vibrator 1 has four resonance fre- 
quencies, fa shows the intermediate value of the 
two resonance frequencies of the four resonance 
frequencies. In FIG. 16, the peak around fa is 
separated into two, causing the resonance frequen- 
cies fb1 and fb2 to be generated. The intermediate 
value fo thereof shows the frequency when the 
atomizing quantity becomes the maximum, and the 
fo is almost equivalent to the fa. Thus, by employ- 
ing such a structure as the intermediate value of 
the two resonance frequencies of the device com- 
posed of the piezoelectric vibrator and the vibrating 
plate becomes almost equivalent to the resonance 
frequency of the single piezoelectric vibrator, the 
coupled-mode vibration of the device composed of 
the piezoelectric vibrator and the vibrating plate is 
strengthened. Therefore, the atomizing quantity can 



be further increased. Furthermore, the fb1 and the 
fb2 is deviated toward the higher frequency side as 
the length of the vibrating part 20 is shortened. As 
the vibrating part becomes far from the fa, the 

5 atomizing quantity is decreased. 

Figure 17(A) shows a perspective view of the 
ultrasonic vibrator taking the place of that shown in 
FIG. 5. In FIG. 17(A) the ultrasonic vibrator has the 
piezoelectric vibrator 41 of which size is 20 mm 

w long, 5 mm wide and 6 mm thick and the vibrating 
plate 46 having the vibrating part 47 of which size 
is 10.5 mm long, 5 mm wide and 0.04 mm thick 
and the cemented part 48 of which size is 1 .5 mm 
long, 5 mm wide and 0.04 mm thick. Au elec- 

75 trodes, 43, 44 and 45 are formed on the both end 
surfaces perpendicular to the direction of the po- 
larization axis of a piezoelectric ceramic 42. The 
electrodes 43 and 44 are mounted on the same 
surface and insulated each other. The electrode 43 

20 covers the part of 15mm long from the distal end 
of the piezoelectric ceramic 42 in the length direc- 
tion thereof and is used as the electrode for apply- 
ing the alternating current voltage to the piezoelec- 
tric vibrator 41. The electrode 44 covers the re- 

25 maining part apart by 1mm from the electrode 43 
and is used as the electrode for self-exciting power 
supply. In the case that the ultrasonic vibrator in 
FIG. 17(A) is employed, it has been confirmed that 
the atomizing quantity becomes the maximum with 

30 the frequency of about 100 kHz and the fog par- 
ticles are minute and uniform. Thus, in the case 
that such a rectangular prism-like structure as the 
proportion with the thickness and the width is near- 
ly 1 but is not equal to 1 as the piezoelectric 

35 vibrator is employed, the coupled-mode vibration of 
the device composed of the piezoelectric vibrator 
and the vibrating plate is strengthened, and the 
atomizing quantity can be further increased. By 
employing two electrodes, which are insulated from 

40 each other, on one end surface perpendicular to 
the polarization axis of the piezoelectric ceramic, 
one of the electrodes can be used as the electrode 
for self-exciting power supply. It is therefore possi- 
ble to provide the stabilized and very efficient 

45 ultrasonic atomizing device which is operated with 
a low power consumption. 

Figure 17(B) shows a perspective view of the 
ultrasonic vibrator taking the place of that shown in 
FIG. 17(A). In FIG. 17(B) the ultrasonic vibrator has 

so the piezoelectric vibrator 41 of which size is 10 mm 
long, 5 mm wide and 6 mm thick and the vibrating 
plate 46 of which size is 1 1 mm long, 5 mm wide 
and 0.04 mm thick. The vibrating plate 46 is moun- 
ted under the piezoelectric vibrator 41 unlike the 

55 ultrasonic vibrator in FIG. 17(A). In the case that 
the ultrasonic vibrator in FIG. 17(B) is employed, it 
is possible, like the ultrasonic vibrator in FIG. 17- 
(A), to provide the stabilized and very efficient 
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ultrasonic atomizing device which is operated with 
a low power consumption. 

Figure 18 shows a sectional view of the ultra- 
sonic atomizing device, showing the second em- 
bodiment, excluding the liquid supplying tube 5, 
the flow control valve 6 and the liquid tank 7 from 
the first embodiment shown in FIG. 1 and including 
the liquid bath 8 in the first embodiment in FIG. 1. 
The liquid bath 8 is supplied with an adequate 
amount of liquid when using. The ultrasonic vibra- 
tor composed of the piezoelectric vibrator 1 and 
the vibrating plate 2 is jointed to the assistance 
board 3 by the clip 4 and only the distal end of the 
vibrating plate 2 is in touch with the liquid level 
with an angle of 30 degrees to the horizontally. 
This is used for limitting the amount of liquid which 
comes in touch with the vibrating plate 2 and is for 
effective atomizing. In the case that the ultrasonic 
vibrator further comes in touch with the liquid than 
the necessity, almost all the energy of the ultra- 
sonic vibration is discharged in the liquid, thereby 
causing the atomization efficiency to be lowered. 

In case that the alternating current signal hav- 
ing almost the same frequency as the resonance 
frequency of the device composed of the piezo- 
electric vibrator 1 and the vibrating plate 2 is ap- 
plied to the piezoelectric vibrator 1 through the 
electrode terminals, P and Q, when operating the 
ultrasonic atomizing device shown in FIG. 18, the 
piezoelectric vibrator 1 is vibrated. At this time, the 
frequency of the alternating current signal is almost 
agreed with one of the resonance frequencies of 
the piezoelectric vibrator 1 . As such a construction 
as the vibrating plate 2 is cemented to be integrally 
interlocked with at least one end surface of the 
piezoelectric vibrator 1 is employed, the vibrating 
plate 2 can vibrate just like a one-side supported 
overhanging beam with the cemented part 21 acted 
as an cementing end. A liquid which is supplied the 
vibrating part 20 under a strong acoustic vibrating 
condition can be atomized or sprayed upwards in 
the vertical direction. 

In the ultrasonic atomizing device shown in 
FIG. 18, the liquid which is supplied in the liquid 
bath 8 in accompanying with the vibration of the 
vibrating part 2 is led to the respective holes 22 by 
capillarity. When the liquid passes through each of 
the holes 22, the passing area of liquid in each of 
the holes 22 is reduced from the inlet side thereof 
to the outlet side thereof. Therefore, the liquid is 
squeezed out by the respective holes 22, thereby 
causing the liquid to become minute and uniform 
particles and to flow out on the vibrating part 20. 
Consequently the liquid which flows out from the 
respective holes 22 can be atomized very effec- 
tively by virtue of the above squeezing action, the 
acoustic vibration of the vibrating part 20, and the 
liquid limiting action by use of the assistance board 



3. 

Figure 19 shows a sectional view of the ultra- 
sonic atomizing device, showing the third embodi- 
ment, excluding the assistance board 3 and the clip 

5 4 from the first embodiment shown In FIG. 1 and 
setting the liquid supplying tube 5 upward the 
vibrating piate 2. When using, the liquid flow rate is 
controlled by the flow control valve 6 from the 
liquid tank 7 and the liquid is caused to drop on the 

w surface of the vibrating plate 2, passing through the 
liquid supplying tube 5. According to the liquid 
dropping means, the liquid amount which comes in 
touch with the vibrating plate 2 can be controlled, 
and it is possible to supply the liquid amount at 

75 which the atomization efficiency becomes the high- 
est. 

In case that the alternating current signal hav- 
ing almost the same frequency as the resonance 
frequency of the device composed of the piezo- 

20 electric vibrator 1 and the vibrating plate 2 is ap- 
plied to the piezoelectric vibrator 1 through the 
electrode terminals, P and Q, when operating the 
ultrasonic atomizing device shown in FIG. 19, the 
piezoelectric vibrator 1 is vibrated. At this time, the 

25 frequency of the alternating current signal is almost 
agreed with one of the resonance frequencies of 
the piezoelectric vibrator 1 . As such a construction 
as the vibrating plate 2 is cemented to be integrally 
interlocked with at least one end surface of the 

30 piezoelectric vibrator 1 is employed, the vibrating 
plate 2 can vibrate just like a one-side supported 
overhanging beam with the cemented part 21 acted 
as an cementing end. A liquid which is supplied the 
vibrating part 20 under a strong acoustic vibrating 

35 condition can be atomized or sprayed upwards in 
the vertical direction. 

In the ultrasonic atomizing device shown in 
FIG. 19, the liquid which is caused to drop on the 
surface of the vibrating plate 2, passing through the 

40 liquid supplying tube 5 from the liquid tank 7, is 
efficiently atomized by the acoustic vibration of the 
vibrating part 20, the effects of the holes 22, and 
the liquid amount limiting action on the surface of 
the vibrating part 20 by use of a dropping struc- 

45 ture. 

Figure 20 shows a sectional view of the ultra- 
sonic atomizing device according to the present 
invention showing the fourth embodiment. There is 
shown the ultrasonic atomizing device comprising 

so the piezoelectric vibrator 1, the vibrating plate 2, 
which are used in the first embodiment in FIG. 1 , 
the liquid bath 8, which is used in the second 
embodiment in FIG, 18, the supporter 9 and the 
liquid keeper 10. There is also shown therein a 

55 power supply circuit which supplies the piezoelec- 
tric vibrator 1 with an alternating current voltage. 
The liquid bath 8 is supplied with an adequate 
amount of liquid when using. The electrode termi- 
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nals, P and Q, are cemented by an adhesive agent 
with high conductivity. The supporter 9 is made 
from foamed styrene and can fix the piezoelectric 
vibrator 1 at the liquid bath 8. Owing to adopting 
the material, as the supporter, such as foamed 
styrene whose acoustic impedance is very low 
compared with the piezoelectric vibrator, the vibra- 
tion of the piezoelectric vibrator is suppressed from 
transmitting to the supporter and dispersion there- 
from and thereby the vibrating plate is vibrated 
efficiently, so that the atomization efficiency is in- 
creased. As the liquid supplying means is provided 
with the liquid bath and the liquid keeper for lifting 
liquid in the liquid bath and for supplying it to the 
vibrating part and the liquid keeper is made of 
sponge or other materials having large liquid suc- 
tion capacity, not only the liquid supplying effi- 
ciency can be enhanced but also constant liquid 
supplying can be realized. Therefore, stabilized 
atomizing and an increase of atomization efficiency 
is realized. 

In case that the alternating current signal hav- 
ing almost the same frequency as the resonance 
frequency of the device composed of the piezo- 
electric vibrator 1 and the vibrating plate 2 is ap- 
plied to the piezoelectric vibrator 1 through the 
electrode terminals, P and Q, when operating the 
ultrasonic atomizing device shown in FIG. 20, the 
piezoelectric vibrator 1 is vibrated. At this time, the 
frequency of the alternating current signal is almost 
agreed with one of the resonance frequencies of 
the piezoelectric vibrator 1 . As such a construction 
as the vibrating plate 2 is cemented to be integrally 
interlocked with at least one end surface of the 
piezoelectric vibrator 1 is employed, the vibrating 
plate 2 can vibrate just like a one-side supported 
overhanging beam with the cemented part 21 acted 
as an cementing end. A liquid which is supplied the 
vibrating part 20 under a strong acoustic vibrating 
condition can be atomized or sprayed upwards in 
the vertical direction. 

In the ultrasonic atomizing device shown in 
FIG. 20, the liquid in the liquid bath 8 can be lifted 
up by the liquid keeper 10 and reaches the under- 
side of the vibrating plate 2. The liquid is led to the 
respective holes 22 by capillarity in accompanying 
with the vibration of the vibrating part 2 . When the 
liquid passes through each of the holes 22, the 
passing area of liquid in each of the holes 22 is 
reduced from the inlet side thereof to the outlet 
side thereof. Therefore, the liquid is squeezed out 
by the respective holes 22, thereby causing the 
liquid to become minute and uniform particles and 
to flow out on the vibrating part 20. Consequently 
the liquid which flows out from the respective holes 
22 is atomized very effectively by virtue of the 
above squeezing action, the acoustic vibration of 
the vibrating part 20. 



Furthermore, in the ultrasonic atomizing de- 
vices shown in the second embodiment of FIG. 18, 
the third embodiment of FIG. 19, and the fourth 
embodiment of FIG. 20, such characteristics as 

5 . shown in FIG. 9, FIG. 10 and FIG. 11 which are 
shown by the first embodiment of Fig.1 can be 
observed. Furthermore, when the second embodi- 
ment of FIG. 18, the third embodiment of FIG. 19 
and the fourth embodiment of FIG. 20 are provided 

70 with the ultrasonic vibrator shown in FIG. 12, FIG. 
17(A) and FIG. 17(B), such characteristics as 
shown by the first embodiment of FIG. 1 provided 
with the ultrasonic vibrator in FIG. 12, FIG. 17(A) 
and FIG. 17(B) can be observed, too. 

75 Figure 21 shows a sectional view of the ultra- 

sonic atomizing device according to the present 
invention showing the fifth embodiment. There is 
shown the ultrasonic atomizing device comprising a 
piezoelectric vibrator 11 to which a pair of elec- 

20 trode terminals, P and Q, made from copper ribbon 
are mounted, a vibrating plate 12, an assistance 
board 13 which is made from foamed styrene and 
the liquid bath 8, and there is also shown therein a 
power supply circuit which supplies the piezoelec- 

25 trie vibrator 1 1 with an alternating current voltage. 
The liquid bath 8 is supplied with an adequate 
amount of liquid when using. The electrode termi- 
nals, P and Q, are cemented by an adhesive agent 
with high conductivity. 

30 The ultrasonic vibrator composed of the piezo- 

electric vibrator 11 and the vibrating plate 12 is 
jointed to the assistance board 13, and is floated 
on the liquid by the floating force when using, At 
this time, the assistance board 13 intercepts the 

35 piezoelectric vibrator 11 from the liquid and pre- 
vents the energy of the ultrasonic vibration from 
being discharged into the liquid. Therefore, the 
energy can be effectively transmitted to the vibrat- 
ing plate 1 2. Owing to adopting the material, as the 

40 assistance board, such as foamed styrene whose 
acoustic impedance is very low compared with the 
piezoelectric vibrator, the transmittance of the vi- 
bration of the piezoelectric vibrator to the assis- 
tance board is suppressed and the piezoelectric 

45 vibrator is vibrated efficiently, so that the atomiza- 
tion efficiency is increased. By employing such a 
structure that the ultrasonic atomizing device is 
floated on the liquid by virtue of floating force, an 
adequate amount of liquid is supplied to the vibrat- 

50 ing plate at all times without being influenced by 
the increase or decrease of the liquid in the liquid 
bath. So, efficient atomizing can be realized. There- 
fore, a great deal of atomizing can be realized with 
only a low power consumption. In addition, it is 

55 easily possible to make the device small and com- 
pact. Still furthermore, efficient atomizing is re- 
alized by supplying an adequate amount of liquid 
to the vibrating part with the ultrasonic vibrator held 
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at an appointed position for the fixing substance by 
means of the assistance board. 

Figure 22 shows a bottom plan view of the 
ultrasonic vibrator set on the supporter 13 of the 
fifth embodiment shown in FIG. 21. Figure 23 
shows a perspective view of the ultrasonic atomiz- 
ing device of the fifth embodiment shown in FIG. 
21. The piezoelectric vibrator 11 has a column-like 
piezoelectric ceramic 60 having a hole which is 
penetrated through parallel to the polarization axis 
with the faces thereof vertical to the polarization 
axis used as end surface, respectively. The ma- 
terial of the piezoelectric ceramic 60 is TDK-72A 
(Brand name), and the dimension thereof is 24 mm 
diameter and 6 mm thick. The hole is also column- 
like with 12 mm thickness. As the TDK-72A has a 
large electromechanical coupling constant, the ma- 
terial has been utilized in the fifth embodiment of 
the invention. An Au electrode 31 and an Au elec- 
trode 32 are formed on the end surface, respec- 
tively. The Au electrode 31 is provided with an 
electrode terminal P, and the Au electrode 32 is 
provided with an electrode terminal Q. 

A disk-like vibrating plate 12 is mounted to the 
position which covers the opening of the pene- 
trated hole at the underside end surface of the 
piezoelectric vibrator 11. The vibrating plate 12 is 
made of nickel and is fixed to be integrally interloc- 
ked with the piezoelectric vibrator 1 1 by a ring-like 
cemented part 51, and the vibrating plate 12 sur- 
rounded by the cemented part 51 forms the vibrat- 
ing part 50. The cemented part 51 is cemented to 
the piezoelectric vibrator 1 1 with an adhesive agent 
with high conductivity by way of the Au electrode 
62. The diameter of the vibrating plate 12 is 14 mm 
and the thickness thereof is 0.05 mm. The diam- 
eter of the vibrating part 50 is agreed with that of 
the penetrated hole and is 12 mm. And the thick- 
ness is 0.05 mm. The vibrating part 50 is provided 
with a plurality of minute holes which are pene- 
trated in the thickness direction, and the dimension 
and shape thereof are the same as those of the 
holes 22 in FIG. 6 and FIG. 8. Thus, by employing 
the ring-like structure as the piezoelectric ceramic, 
in which the hole is penetrated through parallel to 
the polarization axis thereof, and employing such a 
structure that the vibrating plate is mounted, almost 
parallel to the end faces, on the position which 
covers the opening of the penetrated hole at the 
underside end surface of the piezoelectric vibrator 
or the inside of the penetrated hole, the vibrating 
plate is vibrated efficiently, so that the atomization 
efficiency is increased. 

In case that the alternating current signal hav- 
ing almost the same frequency as the resonance 
frequency of the device composed of the piezo- 
electric vibrator 11 and the vibrating plate 12 is 
applied to the piezoelectric vibrator 1 1 through the 



electrode terminals, P and Q, when operating the 
ultrasonic atomizing device shown in FIG. 21, the 
piezoelectric vibrator 1 is vibrated. At this time, the 
vibrating part 50 which is surrounded by the ring- 

5 like cemented part 51 makes the coupled-mode 
vibration integrally together with the piezoelectric 
vibrator 11. Thus, by employing such a structure 
that the vibrating plate is mounted on the position 
which covers the opening of the penetrated hole of 

w the piezoelectric vibrator to link together as one 
body, and a structure that one of the resonance 
frequencies of the device composed of the piezo- 
electric vibrator and the vibrating plate is almost 
agreed with one of the resonance frequencies of 

75 the piezoelectric vibrator, the vibrating part 50 
makes the coupled-mode vibration integrally to- 
gether with the piezoelectric vibrator 11. The 
coupled-mode vibration of the vibrating part 50 acts 
very effectively for atomizing the liquid. The liquid 

20 which is supplied in the liquid bath 8 in accom- 
panying with the vibration of the vibrating part 50 is 
led to the respective holes 22 by capillarity. When 
the liquid passes through each of the holes 22, the 
passing area of liquid in each of the holes 22 is 

25 reduced from the inlet side thereof to the outlet 
side thereof. Therefore, the liquid is squeezed out 
by the respective holes 22, thereby causing the 
liquid to become minute and uniform particles and 
to flow out on the vibrating part 50. Consequently 

30 the liquid which flows out from the respective holes 
22 can be atomized very effectively by virtue of the 
above squeezing action, the coupled-mode vibra- 
tion of the vibrating part 50, and the effect that the 
assistance board covers the piezoelectric vibrator 

35 to prevent the liquid coming in touch with the 
piezoelectric vibrator. 

Figure 24 shows the characteristics of three 
types of ultrasonic vibrators shown in FIG. 21 on 
applied voltage, frequency, input power and cur- 

40 rent. In the types I and II, the vibrating plate is 
mounted on the underside of the piezoelectric vi- 
brator. In the type III in which the device composed 
of the piezoelectric vibrator and the vibrating plate 
has the same dimensions as that of the type II, the 

45 vibrating plate is mounted on the upperside of the 
piezoelectric vibrator. The type II is the device 
composed of the piezoelectric vibrator 11 and the 
vibrating plate 12 shown in FIG. 21. In the case that 
the type II is used, the atomizing quantity becomes 

so the maximum with the frequency of 290.6 kHz 
when the applied voltage is 10.7 V. Then, the inut 
power is 320 mW and the current is 30 mA. As for 
the whole atomizing device including the power 
supply, the input power is 642 mW and the current 

55 is 60 mA. Thus, in the case that such a ring-like 
structure as the ratio between the length in the 
direction of the polarization axis of the piezoelectric 
vibrator and the shortest distance of the outer edge 
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and the inner edge of the end surface is approxi- 
mately equal to 1 is employed, the coupled-mode 
vibration of the device composed of the piezoelec- 
tric vibrator and the vibrating plate can be streng- 
thened, and the atomizing quantity can be further 
increased. In the case that the type II has another 
vibrating plate having the same structure as that of 
the type II on the upperside of the piezoelectric 
vibrator, in other words, the type II has the two 
vibrating plates, it has been confirmed that the 
atomizing quantity is decreased with the character- 
istics of the type II remained unchanged, but re- 
markably minute fog particles can be effectively 
generated. Thus, in the case that a plurality of 
vibrating plates are utilized, the minuteness of fog 
particle can be more promoted. 

While certain preferred features of the inven- 
tion have been shown by way of illustration, many 
modifications and changes will occur to those 
skilled in the art. It is therefore, to be understood 
that the appended claims are intended to cover all 
such modifications and changes as fall within the 
true spirit of the invention. 

Claims 

1. An ultrasonic device for atomizing a liquid by 
the acoustic vibration generated with a vibrat- 
ing plate being mounted to a piezoelectric vi- 
brator, comprising; 

a means for supplying said vibrating plate with 
said liquid, 

said vibrating plate having a lot of holes, 
said piezoelectric vibrator consisting of a pi- 
ezoelectric ceramic and a pair of electrodes on 
the both end surfaces perpendicular to the 
thickness direction of said piezoelectric ce- 
ramic. 

2. A device as defined in claim 1, wherein the 
area of the one of the openings of said hole on 
said vibrating plate is different from the area of 
the other. 

3. A device as defined in claim 1 or 2, wherein 
said vibrating plate is mounted at least on one 
of said end surfaces having said electrodes of 
said piezoelectric vibrator to link together as 
one body and has a vibrating part prominent in 
parallel approximately to said end surface of 
said piezoelectric vibrator for the. outside of 
said piezoelectric vibrator, and said hole is 
formed in said vibrating part, 

4. A device as defined in claim 1 , 2 or 3, wherein 
the resonance frequency of said piezoelectric 
vibrator is approximately equal to the mediate 
value of two resonance frequencies of the 



complex of said piezoelectric vibrator and said 
vibrating plate. 

5. A device as defined in claim 4, wherein said 
5 piezoelectric vibrator is a rectangular board in 

which the proportion with the length and the 
width is nearly but not equal to 1 ; 

6. A device as defined in claim 4, wherein said 
10 piezoelectric vibrator is in the rectangular form 

in which the proportion with the thickness and 
the width is nearly but not equal to 1 . 

7. A device as defined in claim 6, wherein the 
75 electrode on only said end surface is divided 

into two parts insulated each other. 

8. A device as defined in claim 1 or 2, wherein 
said piezoelectric ceramic has a pierced hole 

20 which is passed through in parallel to a po- 

larization axis of said piezoelectric ceramic, 
said vibrating plate which covers the opening 
of said pierced hole in parallel with said end 
surface perpendicular to said polarization axis, 

25 is mounted at least more than one part of said 

pierced hole corresponding to the inside of the 
piezoelectric ceramic, the flange of said vibrat- 
ing plate is stuck with said piezoelectric vibra- 
tor, the part which is surrounded by a ce- 

30 mented part stuck with said piezoelectric vibra- 

tor operates as a vibrating part, and said holes 
are formed in said vibrating part. 

9. A device as defined in claim 8, wherein one of 
35 the resonance frequencies of said piezoelectric 

vibrator is approximately equal to one of the 
resonance frequencies of the complex of said 
piezoelectric vibrator and said vibrating plate. 

40 10. A device as defined in claim 8 or 9, wherein 
said piezoelectric vibrator is like a rectangle or 
a circle, and the ratio between the length in the 
direction of the polarization axis of said piezo- 
electric vibrator and the shortest distance of 

45 the outer edge and the inner edge of said end 

surface is approximately equal to 1 . 

11. A device as defined in claim 1 to 7, wherein 
said means for supplying said vibrating plate 

so with said liquid comprises a supporting board 

parallel to said vibrating plate via a minute gap 
from said vibrating plate, a means for maintain- 
ing the fixed position of said ultrasonic vibrator 
and said supporting board to a liquid bath 

55 accommodating a liquid, said means for main- 

taining the fixed position making said vibrating 
plate incline toward the surface of said liquid 
and also making the position of said vibrating 



9 



17 EP 0 480 615 A1 18 



plate on the upper side over said supporting 
board, said supporting board being made from 
foamed styrene and others whose acoustic im- 
pedance is low compared with a piezoelectric 
vibrator. 5 

12. A device as defined in claim 1, 2, 8, 9 or 10, 
wherein said means for supplying said vibrat- 
ing plate with said liquid comprises a support- 
ing board for supporting said piezoelectric vi- w 
brator, a liquid bath for accommodating a liq- 
uid, said supporting board maintaining said 
ultrasonic vibrator at a fixed position or making 

said ultrasonic vibrator float in said liquid with 
buoyancy, said supporting board being made 75 
from foamed styrene and others whose acous- 
tic impedance is low compared with a piezo- 
electric vibrator. 

13. A device as defined in claim 1 to 12, wherein 20 
said means for supplying said vibrating plate 

with said liquid comprises a liquid tank and a 
tube for supplying said vibrating plate with said 
liquid from said liquid tank. 

25 

14. A device as defined in claim 1 to 12, wherein 
said means for supplying said vibrating plate 
with said liquid comprises a liquid tank and a 
means for drawing and guiding said liquid from 

said liquid tank and dropping said liquid on 30 
said vibrating plate. 

15. A device as defined in claim 1 to 12, wherein 
said means for supplying said vibrating plate 

with said liquid comprises a liquid-storage ma- 35 
terial made from sponge and other material 
with a large absorption ability, and a liquid bath 
accommodating said liquid-storage material. 
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